INTRODUCTION
============

Oil spills pose a serious threat to marine life. Major oil spill accidents have been reported in the United Arab Emirates, Kuwait, Malaysia, India, Norway, Libya, the United States, England, Japan, France, Spain, and Pakistan.[@B1] Only a few studies have focused on the effect of oil spills on human health, although the effect of oil spills on ecological systems has been extensively studied. Most studies regarding the human health effect of oil spills have focused on the acute toxic effects and psychological effects of oil spills on humans.[@B1] Little is known about the effect of oil spills on the human respiratory system. A few epidemiological studies have shown an increased prevalence of respiratory symptoms in residents or clean-up workers immediately after exposure to an oil spill, which may be prolonged after the spill.[@B2]-[@B8] The effect of oil spills on lung function has been inconsistent in several clinical studies.[@B2],[@B8]-[@B11] There has been only one study in children that showed no deleterious effect of exposure to an oil spill on lung function.[@B9]

On December 7, 2007, a crane barge being towed by a tug collided with an anchored crude oil carrier, the Hebei Spirit.[@B12] The Hebei Spirit was carrying 260,000 tons of crude oil, which included Iranian heavy oil, Upper Zakum oil, and Kuwait Export oil. About 10,000 tons of crude oil was spilt into the sea and contaminated the coastline (about 167 kilometers long). The oil was composed of volatile organic compounds (VOCs) such as benzene, toluene, ethylbenzene, or xylene, polyaromatic hydrocarbons (PAHs), and heavy metals. VOCs, which typically contain 1-18 carbon atoms, are associated with indoor air pollution and adverse health effects such as respiratory tract irritation, bronchitis, and irritation to the skin.[@B13]

Recent epidemiological studies have shown that VOCs are associated with impaired lung function and an increased prevalence of asthma in children as well as in adults.[@B13]-[@B15] PAHs, a group of small organic compounds containing three to five benzene rings, can induce oxidative stress in the respiratory tract and aggravate asthma symptoms.[@B16]-[@B18] The aim of this study was to evaluate the respiratory effect of oil spill exposure on children.

MATERIALS AND METHODS
=====================

Study population
----------------

The present study was performed to evaluate the respiratory effects of oil spill exposure on children living in the area exposed to the spill. The study protocol was approved by the Institutional Review Board of Dankook University Hospital. Of 662 children (aged 6 to 12 years) living in the area exposed to the oil spill, 436 (65.9%) who completed a questionnaire and agreed to participate in the study were enrolled. A health examination, including a skin prick test, pulmonary function test, and methacholine bronchial provocation test (MBPT), was performed. The skin prick test was performed in 418 children (95.9%); 18 children refused the test. The pulmonary function test was performed for all 436 children, and the MBPT was performed for 103 children (23.6%) who were suspected of having bronchial asthma based on their responses to the questionnaire. The health examination was performed during 10 days in June 2009. There was no control group without oil spill exposure, epidemiologic data before the accident were absent, and the concentration of air pollution at the time of the accident was not measured. Consequently, we did not directly evaluate the effects of oil spill exposure. Therefore, we divided the children into groups according to those who lived close to or far from the oil spill area (i.e., whether they lived within 2 km of the contaminated coastline \[[Figure](#F1){ref-type="fig"}\]).

Questionnaire
-------------

The Modified International Study of Asthma and Allergies in Childhood questionnaire (Korean version) was used to evaluate characteristics related to asthma.[@B19] The prevalence of asthma (asthma ever) was determined by asking the subject whether he/she had ever been diagnosed with asthma by a doctor. The prevalence of wheezing (wheeze ever) was determined by lifetime and current (during the last 12 months) wheezing episodes. A question about whether the asthma symptoms began before or after oil spill exposure was added to the questionnaire.

The questionnaires, which were completed by the parents of the study subjects before the health examination, were collected on the day of the examination.

Skin prick test
---------------

The skin prick test was performed in 418 children (95.9%). Subjects were tested for common inhalant allergens (house dust mites, cockroach, mixed grass pollen, mixed tree pollen, weed pollen, cat hair, and mold mixture; Allergopharma, Reinbek, Germany). The skin prick test was performed by three trained personnel at our center. The skin test result was regarded as positive when the wheal size of the allergen was more than 3 mm and larger than that of histamine.

Pulmonary function test
-----------------------

The pulmonary function test was performed according to American Thoracic Society guidelines.[@B20] The forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) were measured by three trained personnel at our center using a portable micro-spirometer (Microspiro HI-298; Chest Corp., Tokyo, Japan).

MBPT
----

The MBPT was administered using a modified version of Chai\'s method[@B21] to 104 children from the asthma ever or wheeze ever group. Briefly, the FEV1 and FVC were measured using a spirometer (Microspiro HI-298; Chest Corp.), taking the largest values of triplicate FEV1 and FVC measurements. The subjects inhaled five breaths of increasing methacholine concentration until the FEV1 fell to less than 80% of its baseline value or the highest concentration of methacholine was reached. Triplicate FEV1 measurements were made starting at 90 s after each inhalation, and the largest value was used for analysis. If the concentration of methacholine that caused a 20% fall in FEV1 was less than 16 mg/mL, the subject was considered to have \'airway hyperresponsiveness.\'

Statistical analysis
--------------------

A statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). An independent *t*-test was used to compare continuous variables such as age, height, or weight, and pulmonary function test results between the study groups. A chi-squared test was used to compare categorical variables such as sex, family history of asthma, smoking, asthma ever, wheeze ever, symptoms related to asthma within 12 months, some of the skin prick test results, and the prevalence of asthma between the study groups. Fisher\'s exact test was used for nonparametric categorical variables such as the onset of wheezing and some of the skin prick test results. A multiple logistic regression analysis was used to evaluate risk factors for the prevalence of asthma in the study population. Statistical significance was defined as a *P* value less than 0.05.

RESULTS
=======

Questionnaire
-------------

The mean age of the study subjects was 9.6 years, and the ratio of males to females was 0.8 ([Table 1](#T1){ref-type="table"}). Children who lived close to or far from the oil spill area showed no significant differences in terms of age, sex, height, weight, and family history of asthma. Children who lived close to the oil spill area were weighted and exposed to passive smoke compared with those who lived far from the oil spill area. The percentage of children who were current smokers was similar between the two groups ([Table 1](#T1){ref-type="table"}). The prevalence of \'asthma ever\' was 14.0%; the prevalence of \'wheeze ever\' was 19.0%. In a univariate analysis for characteristics related to asthma, the number of children with previously diagnosed asthma and reported wheezing after oil spill exposure was significantly higher in children who lived close to the oil spill area than in those who lived far from the oil spill area (*P*=0.005 and 0.002, respectively). The number of children with wheezing-limited speech, sleep disturbances caused by wheezing, or absence from school due to wheezing within the previous 12 months was not significantly different between the groups. However, the number of children with wheezing at rest, wheezing after exercise, or treatment due to asthma within the previous 12 months was significantly higher in children who lived close to the oil spill area than in children who lived far from the oil spill area (*P*=0.038, 0.002, and 0.037, respectively).

Skin prick test
---------------

House dust mites, which were positive in 101 children (24.2%), were the most common aeroallergen in the study subjects ([Table 2](#T2){ref-type="table"}). In decreasing order, molds were positive in 19 subjects (4.5%), tree pollen was positive in 11 subjects (2.6%), weed pollen was positive in 8 subjects (1.9%), cat hair was positive in 8 subjects (1.9%), cockroach was positive in 8 subjects (1.9%), and grass pollen was positive in 5 subjects (1.2%). However, the rate of skin test positivity showed no significant difference between the two groups.

Pulmonary function test
-----------------------

The FEV1 was significantly lower in children who lived close to the oil spill area than in those who lived far from the oil spill area, although the FVC and FEV1/FVC ratio were not significantly different between the two groups (*P*=0.011; [Table 3](#T3){ref-type="table"}).

Prevalence of asthma and risk factors for asthma
------------------------------------------------

The prevalence of \'wheeze ever\' and \'wheeze current\' based on the questionnaire was significantly higher in children who lived close to the oil spill area than in those who lived far from the oil spill area (*P*=0.050 and 0.002, respectively; [Table 1](#T1){ref-type="table"}). The prevalence of \'increased airway hyperresponsiveness\' based on the MBPT was also significantly higher in children who lived close to the oil spill area than in those who lived far from the oil spill area (*P*=0.001; [Table 3](#T3){ref-type="table"}). In the multiple logistic regression analysis, male sex, family history of asthma, and residence close to the oil spill area were significant risk factors for asthma (male sex: odds ratio \[OR\], 2.54; 95% confidence interval \[CI\]: 1.31-4.91; family history of asthma: OR, 3.77; 95% CI: 1.83-7.75; residence close to the oil spill area: OR, 2.43; 95% CI: 1.27-4.65; [Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The present study shows that children who lived close to the oil spill area had more asthmatic symptoms, increased impaired lung function, and an increased prevalence of asthma than those who lived far from the oil spill area. The risk factors for asthma in our study subjects were male sex, family history of asthma, and residence close to the oil spill area.

Oil spill exposure has hazardous effects on marine life; however, few studies have reported the effects of oil spill exposure on human health. Particularly, little is known regarding the effect of oil spill exposure on the human respiratory system. When an oil spill occurs, local inhabitants or volunteers who participate in clean-up activities constitute a population whose health may be affected by the oil spill because they are highly exposed to the spill immediately after the accident. A few epidemiologic studies have shown acute or prolonged respiratory symptoms in residents as well as in clean-up workers exposed to an oil spill.[@B2]-[@B8],[@B22] However, these studies were performed in adults who lived near the oil spill area or who had participated in clean-up activities. Only one study documented the effect of oil spills on children, in which children who lived near the oil spill area did not have impaired lung function immediately after the spill.[@B9] Our study showed increased respiratory symptoms in children who lived close to the oil spill area after the spill. This finding is consistent with previous study results showing increased respiratory symptoms in adults exposed to an oil spill.

The effect of oil spill exposure on lung function produced inconsistent results in several clinical studies. Earlier studies have shown that lung function in adults or children who lived near the oil spill area did not deteriorate immediately after the spill.[@B2],[@B9] Only one study on the effect of oil spill exposure in children who lived near the oil spill area did not show impaired lung function immediately after the spill.[@B9] Conversely, our study showed that the FEV1 (%) was significantly reduced in children who lived close to the oil spill area compared to those who lived far from the oil spill area. The difference in the results between our study and Crum\'s study[@B9] can be explained by the difference in time of the performance of the lung function test after the oil spill accident. Therefore, we believe that our study better reflects the long-term effects of oil spill exposure than Crum\'s study.[@B9] In other studies, clean-up workers who participated in clean-up activities after oil spill exposure showed impaired lung function shortly after the oil spill, which was reversible 1 year after the spill.[@B10],[@B11] In a recent study of the effect of oil spill exposure on 501 clean-up workers, no significant difference in lung function was detected between clean-up workers and controls without exposure to the oil spill 2 years after the spill.[@B8] However, makers of airway injury such as 8-isoprostane, which reflect local oxidative stress, were increased in the breath condensate of clean-up workers, and a subgroup of nonsmokers had a higher risk of bronchial hyperreactivity in a methacholine bronchial challenge.[@B8] In our study, children who lived close to the oil spill area had increased impaired lung function than those who lived far from the oil spill area 18 months after the spill. This inconsistent finding may be due to physiologic differences between children and adults or a genetic factor, although further study is needed to determine the causes of these discrepancies.

Our study revealed that children who lived close to the oil spill area had more asthmatic symptoms, increased impaired lung function, and an increased prevalence of bronchial hyperreactivity than those who lived far from the oil spill area. However, there are limitations to our study in that a control group without oil spill exposure could not be included, and only 436 children (65.9%) were enrolled among the 662 children living in the area exposed to the oil spill. Thus, a possibility of selection bias exists. Furthermore, epidemiologic data before the accident such as asthma prevalence at the study area were absent. We could not directly assess whether the prevalence of asthma was increased after the accident at the oil spill area.

Therefore, we divided the children into those who lived close to or far from the oil spill area (i.e., whether they lived within 2 km of the contaminated coastline). Additionally, we hypothesized that children who lived far from the oil spill area (more than 2 km) were less influenced by the oil spill because there is a hill 2 km from the accident area.

The prevalence of asthma in our study subjects was compared with that in a nationwide survey performed during 2006 and 2007. The prevalence of \'asthma ever\' and \'wheeze ever\' in our study subjects was 14.0 and 19.0%, respectively, which is about twice as high as that in a nationwide survey of 30,893 children in Korea.[@B23] The prevalence of asthma based on the MBPT in our study participants was 11.7%, which was more than twice as high as that in a survey of 622 children and teenagers between the ages of 7 and 19 years in Korea.[@B24] The prevalence of asthma in Taean is higher than that in the general population. The causes of the difference in prevalence are not obvious. We suppose that the coastal climate, yellow dust, and air pollution influenced the development of asthma in the Taean area. However, despite the regional characteristics concerning oil spill exposure in Taean, our study is remarkable in that wheeze ever was increased in children who lived close to the oil spill area after the spill, and the prevalence of bronchial hyperreactivity was higher in children who lived close to the oil spill area.

The present results support those of a study that showed increased markers of airway injury and a high prevalence of bronchial hyperreactivity in clean-up workers 2 years after oil spill exposure.[@B8] The study suggests that prolonged asthmatic symptoms after oil spill exposure may be mediated through bronchial hyperreactivity from airway inflammation induced by some irritants included in crude oil, although biologic markers related to airway inflammation were not measured in our study.

VOCs and PAHs are irritants of toxicological interest included in crude oil. Recent epidemiological studies have shown that VOCs are associated with impaired lung function and an increased prevalence of asthma in children as well as in adults.[@B13]-[@B15] PAHs can induce oxidative stress in the respiratory tract and aggravate asthma symptoms.[@B16]-[@B18] Acute irritant-induced asthma-also called reactive airways dysfunction syndrome-is caused by an inhalation accident in an occupational or the general environment.[@B25] The most well-known outbreak of this syndrome occurred following the World Trade Center disaster, in which firefighters were exposed to various irritants.[@B26] Similar to the acute irritant-asthma observed in the World Trade Center disaster, our study shows that oil spill exposure can affect the development or aggravation of acute irritant-induced asthma. Considering the results of the present study, a long-term follow-up study of the children who participated in our study will be needed to evaluate the relationship between oil spill exposure and the prevalence of asthma.

Our study results suggest that oil spill exposure is a risk factor for asthma in children. Future longitudinal studies will be needed to demonstrate the relationship between oil spill exposure and asthma and should include biologic markers related to airway inflammation to reveal the mechanism whereby oil spill exposure induces impaired lung function and increases the prevalence of asthma.
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Skin prick test results in the study participants
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Pulmonary function test results and the prevalence of asthma in the study participants
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FVC, forced vital capacity; FEV1, forced expiratory volume in one second.
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Risk factors for asthma in the study participants
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OR, odds ratio.
